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Abstract
Objectives: One of the major drawbacks involves the contamination produced during the sam-
pling of dental calculus samples due to their manipulation with non-sterilized latex gloves con-
taining maize starch. These gloves have been commonly used for the sampling, cleaning and
conservation of archaeological materials. The objective of the present work is to propose a pro-
tocol for the cleaning of dental calculus samples that have been contaminated, allowing the
removal of such material from the calculus surface. The application of this protocol guarantees
the exogenous elements elimination without causing the loss of the archaeological material,
since as it is a nondestructive and/or invasive cleaning method, it remains contained within the
dental calculus which protects and guarantees its preservation.
Materials and methods: Fifty-seven fragments of dental calculus were recovered from several
archaeological sites in the province of Córdoba, Argentina, dated by AMS between 4058 and
387 14C years BP. A sample comprising 22 fragments larger than 2 mm, which represent
38.59% of the total, were subjected to four cleaning stages through distilled and centrifugal
water. As a control test, 10 fragments of human dental tartar were taken, known to have not
been previously handled with powdered latex gloves.
Results and discussion: The results show significant differences between the four cleaning
stages, representing an important reduction of modern starch grains adhered to the surface of
archaeological samples of human dental calculus.
KEYWORDS
contamination, dental calculus, human skeletal remains, starch grains
1 | INTRODUCTION
The presence of the plant microremains in the archaeological record
allows us to inquire about the subsistence strategies developed by
human communities over time (Babot, 2007,2009, 2011; Babot and
Apella, 2003; Colobig and Ottalagano, 2016; Gil-López, 2011; Hei-
der and López, 2016; Korstanje and Babot, 2007; López, 2007;
Musaubach, 2012,2017; Musaubach and Berón, 2017; among
others).
Dental calculus is present in all human populations. Once the
tooth erupts, the crown is covered by a thin organic layer (biofilm)
that is formed from salivary proteins and gingival fluid. On the same,
different microorganisms adhere that will end up forming the bacte-
rial plaque (Marsh and Martin, 1999). The formation of dental
calculus is produced by the mineralization of the same that is consol-
idated on the surface of the tooth during the life of the individual,
forming a concrete matrix. During this process, plant micro-resins
(silicophytoliths and starch grains), and other elements like sponge
spicules, pollen grains, diatoms, and so forth are incorporated and
retained between the successive layers of calcium phosphate crys-
tals that are deposited on the enamel due to poor oral hygiene
(Hillson, 1996; Lieverse, 1999; Musaubach, 2012; Warinner
et al., 2014).
One of the major drawbacks in addressing the study of microre-
mains from dental calculus is the contamination resulting from the use
of latex gloves, frequently powdered with maize starch (Tavarone,
Colobig, & Fabra, 2016; Wadley, Lombard, & Williamson, 2004),
because can modify the original composition of the sample. At this
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2 TAVARONE ET AL.
TABLE 2 Counts of starch grains present in each control
Samples Before contamination
After contamination
First Control—Count Second Control—Count Third Control—Count Fourth Control—Count
LR-TE-E5 1 0 7 3 0 0
LR-TE-E5 2 0 11 4 1 0
LR-TE-E5 3 0 4 1 0 0
SVEP14 1 0 8 2 0 0
SVEP14 1 0 4 1 0 0
SVEP14 1 0 6 1 0 0
SVEP14 1 0 10 4 1 0
915/1 0 5 2 0 0
915/2 0 9 2 1 0
915/3 0 6 1 0 0
10 samples 0 starch grains 70 starch grains 21 starch grains 3 starch grains 0 starch grains
The letters and numbers observed in the “samples” column correspond to individuals from whom the sample was taken.
FIGURE 1 Starch grains observed in Control 1. A-A0. Grain of polygonal starch observed with polarized and normal light. B-B0.Grain of polyhedral
starch with polarized and normal light. C-C0. Agglomerated starch grains, observed with polarized and normal light. D-D0. Oval starch grain
observed with polarized and normal light. E-E0. Agglomerated starch grains, observed with polarized and normal light. F-F0. Grain of polygonal
starch observed with polarized and normal light. G-G0. Oval starch grain observed with polarized and normal light. Scale: 20 μm
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time the starch grains contained and protected inside the sample are
released producing a mixture with those modern elements that were
stuck on its surface.
The aim of this work is to provide methodological guidelines for
the cleaning of dental calculus contaminated, thereby ensuring the
production of reliable results.
2 | MATERIAL AND METHODS
The sample on which this work is based, was contaminated with pow-
dered gloves. Since these samples are part of the museum collections,
it is possible that the contamination came from previous manipula-
tions. These grains adhered to the surface need to be eliminated, to
ensure that only the grains contained into the dental calculus are part
of the archaeological record, and the modern grains do not interfere
with the final result.
Fifty-seven fragments of dental calculus were recovered from
several archaeological sites in the province of Córdoba, Argentina,
dated by AMS between 4058 and 387 14C years BP (Table 1). For the
selection of a statistically representative sample of the initial set, the
simple random sampling method without replacement was used,
obtaining a final sample comprising 22 fragments, larger than 2 mm,
which representing 38.59% of the total.
The 22 fragments were subjected to the same decontamination
process consisting of four consecutive washing stages:
1. The calculus fragment was taken and placed in a 53 μm mesh
sieve. The material was rinsed with 10 mL of distilled water, try-
ing to remove as much dust as possible. A drop of the surrounding
liquid (0.05 mL) was then taken to perform a first control under
the microscope.
2. The rinsed calculus was placed in a 50 mL centrifuge tube and
filled into 25 mL with distilled water, which was taken to the
Rolco model 2036 centrifuge for 10 min at 2000 rpm. After
removal of the sample, one drop (0.05 mL) of distilled water was
extracted from the floating material for a second control under
the microscope, discarding the surplus liquid.
3. The sample was placed in a 1.5 mL Ependorf tube, the whole was
filled with distilled water and again taken to the centrifuge for
10 min at 2000 rpm. Subsequently, the material was removed
from the centrifuge, and a sample of liquid (0.05 mL) was taken
for a third control.
4. A final rinse was carried out, renewing the distilled water and
bringing the sample back to the centrifuge to repeat the process.
Once the process was completed, a drop of water (0.05 mL) was
collected for a fourth and final control.
For observations and counts, a Nikon Eclipse E 200 polarized light
microscope was used, with 40 × magnification. The microphotographs
were taken with a Nikon camera attached to it. The descriptions of
the starch grains were made according to the qualitative and quantita-
tive guidelines and attributes proposed by Babot (2011); Babot and
Apella (2003); Cortella and Pochettino, 1994; Korstanje and Babot
(2007) and The International Code for Starch Nomenclature
(ICSN-2011).
To test the protocol, 10 fragments of human dental tartar were
taken, known to have not been previously handled with powdered
latex glove. First, the fragments were rinsed with distilled water over
a 53-μm mesh sieve, and a drop of the surrounding liquid was taken
and observed under the microscope. In none of the cases starch ele-
ments were found in the preparations. The next step was to take the
fragments and manipulate them with lightly powdered latex gloves
(NP®). The rinsing process was repeated and a drop of the recovered
liquid was observed under the microscope. At this time starch grains
of different shapes and sizes were observed in all the samples. The
fragments, once contaminated, were subjected to the cleaning proto-
col proposed in this work, reaching complete cleaning of the samples
(Table 2).
On the other hand, 10 nonsterile, powder-free disposable latex
gloves were selected from the same box as those used during the
manipulation of dental calculus, to conduct a survey about the mor-
phology and size of the starch grains present in them. With a plastic
spatula, both internal and external faces of the gloves were scraped
TABLE 3 Counts of starch grains present in each control
Samples
First
Control—
Count
Second
Control—
Count
Third
Control—
Count
Fourth
Control—
Count
1-22L 18 4 1 0
1-28M 16 4 0 0
17-28M 7 1 0 0
18-2B 9 2 1 0
20-3M 5 1 0 0
21-19L 17 5 2 0
21-23V 13 7 3 0
21-25V 10 4 2 0
23-5P 6 2 0 0
23-9P 8 1 1 0
24-26V 12 3 2 0
25-25V 10 3 0 0
28-31B 21 6 3 1
32-8V 8 3 1 0
38-20D 4 3 1 0
43-19B 6 4 2 1
44-11B 18 5 2 0
47-23B 7 1 0 0
60-32M 5 2 1 0
69-17L 7 0 0 0
69-27B 9 1 0 0
70-28L 13 2 1 0
22 samples 229 starch
grains
64 starch
grains
24 starch
grains
3 starch
grains
The first number corresponds to the individual from whom the sam-
ple was taken; the second corresponds to the tooth from which the
tartar was extracted; the letter indicates the face of the tooth from
which it was extracted. L: lingual, D: distal, M: mesial, P: palatine and
B: buccal.
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directly on a slide using cedar oil as a medium of assembly (Colobig
et al., 2016).
3 | RESULTS
3.1 | Control test
No starch grains were observed in any of the controls tested before
contamination. After contamination, the protocol was applied with
the following results: first control 70 starches; second, 21 and third,
only 3 grains were counted. The fourth and final rinse did not evi-
dence these elements in the liquid observed (Table 2).
3.2 | Cleaning result
During the first control, 229 starch grains were observed in 15 samples
(Figure 1, Table 3).
During the second control, a total of 64 starch grains were
observed (Figure 2, Table 3).
FIGURE 2 Starch grains observed in Control 2. A-A0. Grain of polygonal starch observed with polarized and normal light. B-B0. Grain of polygonal
starch with polarized and normal light. C-C0. Grain of polygonal starch with polarized and normal light.D-D0. Grain of polyhedral starch observed
with polarized and normal light. E-E0. Oval starch grain observed with polarized and normal light. F-F0. Oval starch grain observed with polarized
and normal light. Scale: 20 μm
FIGURE 3 Starch grains observed in Control 3. A-A0. Oval starch grain observed with polarized and normal light. B-B0. Oval starch grain with
polarized and normal light. C-C0. Grain of polygonal starch with polarized and normal light. D-D0. Grain of polyhedral starch observed with polar-
ized and normal light. E-E0. Oval starch grain observed with polarized and normal light. Scale: 20 μm
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During the third control, a total of 24 grains were found in 14 of
the samples recovered (Figure 3, Table 3).
For the fourth and last control, it was possible to observe only
the presence of 2 grains of starch in two of the samples surveyed
(Figure 4, Table 3).
The total count of starch grains adhered to the surface of the
intact dental calculus showed a remarkable decrease in relation to suc-
cessive washes (Figure 5).
A nonparametric comparison test was applied for k dependent sam-
ples (Friedman Test) under the null hypothesis (H0) that “there are no dif-
ferences in the counting of starch grains before and after the successive
washes.” Table 4 presents the statistics resulting from the test. The null
hypothesis is rejected (p < 0.0001) and it is concluded that the differ-
ences in the control count of starch grains after the washings are
significant.
3.3 | Glove content analysis
All of the observed preparations presented starch grains on both sides,
although a greater amount of them were observed in those samples
corresponding to the internal surfaces, which showed more agglomer-
ated starch grains of different types and sizes, which ranged between
15 and 2 μm (Colobig et al., 2016). As for the botanical affinities, there
was a predominance of polygonal grains, with defined and circular fis-
sures, attributable to Zea mays and oval grains, being mostly non-
diagnostic (Colobig et al., 2016; Korstanje and Babot, 2007).
4 | DISCUSSION AND CONCLUSIONS
The cleaning protocol proposed has allowed eliminating exogenous
agents adhering to dental calculus of archaeological origin. The
remarkable reduction of total starch grains present on the outer sur-
face of the calculus, between the first and the fourth wash, shows the
effectiveness of the protocol.
Moreover, according to the number of starch grains identified from
the observation of the material collected from latex NP® gloves, it is
possible to confirm that the internal surface of the gloves is the one
with the highest amount of contaminating components. Although the
external surface of the glove is the one that presents a lower amount of
these contaminating elements, in direct contact with the archaeological
material, it poses a high risk at the moment of manipulation with this
type of product, as it was demonstrated during the control test. It has
only been possible to identify starch grains assignable to Zea mays,
mostly nondiagnostic, comparable to those found during the scraping of
latex NP® gloves (Colobig et al., 2016).These diagnostic results differ
from those found by Arriaza et al. (2015), where they identified the
presence of starches corresponding to potato, rice and wheat.
The application of the guidelines presented here proves central
when the manipulation of archaeological pieces has not been con-
trolled and prior to the archaeobotanical analysis of the samples of
dental calculus, to eliminate exogenous agents that may be present on
their surface, thus minimizing the harmful effects of possible contami-
nation. The methodology proposed here is innocuous for archaeologi-
cal calculus samples and does not alter the material under study, since
the cleaning is done with distilled water, which guarantees the
removal only of the elements adhered on the surface of the fragment,
without altering or modifying the original composition of microre-
mains contained inside, and that are only released when the fragment
is macerated, ensuring the results are trustworthy. Furthermore, we
recommend avoid using latex gloves for the manipulation of any type
of archaeological and bioarchaeological collection, and if necessary,
use those that are dust free.
FIGURE 4 Starch grains observed in Control 4. A-A0. Oval starch
grain observed with polarized and normal light. B-B0. Grain of polyhe-
dral starch with polarized and normal light. Scale: 20 μm
FIGURE 5 Boxplot of starch grains removed at each wash
TABLE 4 Friedman test
Ranks Test statistics
Mean rank N 22
First control 4.00 Chi-Square 63.1
Second control 2.93 df 3
Third control 1.86 Asymp. Sig. 0.000
Fourth control 1.20
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